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.
An experimentalinvestigationat lowspeed
effectsoffuselagecrosssectiononthestatic
wasmadeto determinethe
longitudinalndlateral
stabilitycharacteristicsofmidwingairplanemodelshaving0°and45°
sweptbacksurfaces.Theresultsindicatedthatthemaineffectsoffuse- “
lagecrosssectiononthelongitudinalnddirectionalstabilitycharacter-
isticsofthemodelsat lowanglesofattackarecausedbythedirectcon-
tributionsofthefuselage.At thehighanglesofattack,inadditionto
thedirectcontributionsofthefuselage,ti%-fuse~gefiterference
(sidewash)withthetaildecreasesthetailcontributionstothedirec-
tionalstability.Theconfigurationconsistingofthewinganddeepfuse-
lageproducedthemostdetrimentaleffect,andtheconfigurationconsisting
ofthewingandshallowfuselagewastheleastdetrimentalinthisrespect.
Forthecompleteconfigurationste ted,fuselagecrosssectionhadlittle
effectontherangeoflinearityofthecurvesofyawingmomentagainst
sideslipanglefortheanglesofattackandsideslipinvestigated.In
general,theconfigurationwiththedeepfuselagehadthepoorestdirec-
tionalcharacteristicsofthemodelsinvestigated.
INTRODUCTION
Mostofthemaincomponentsofairplaneshaveundergonedesignchanges
inordertomeetthedemandsofhigh-speedflight;nottheleastofthese
istheairplanefuselage.Variousjet-engineinstallationsinfuselages
andinwing-fuselagejunctureshaveresultedina varietyoffuselagecross-
sectionalshapes.Althoughtherearenumerousdataon configurationswith
bodiesofcircularcrosssectionsuchasthosepresentedinreferences1,
2,and3, littledataof systematicnatureareavailableforothershapes.
.-— —. . ______ _
. ___ ... ___ _ _ ____ -_ ____
2 NACATN 3551
‘Inordertoprovidedataontheeffectoffuselagecrosssectionon
airplanestaticlongitudinalndlateralstabilitycharacteristics,
severalfuselageswithinterchangeablewingandtailsurfaceshavebeen
testedintheIa.ngleystabilitytunnel.Thefuselagestestedwereof
round,square,andrectangularc osssections.Thefuselagesofsquare
andrectangularc osssectionshadroundedcorners.Thewingsandtails
testedsuccessivelyonthefuselageshadOoand45°sweepback.Allthe
configurationsweretestedwiththewinginthemidwinglocation.Pre-
sentedhereinarethestaticlongitu~l
isticsoftheseconfigurations.
SYM1301S
audlateralstabilitycharacter-
Thedatapresentedarereferredtothestabilitysystemofaxeswith
theoriginattheprojectionontheplaneof symmetryofthecalculated
aerodynamic
andangular
symbolsare
CL
CD
Cy
cl
cm
%
L
D
Fy
Mx
My
centerofthewing.Positivedirectionsofforces,moments,
displacementsareshowninfigure1. Thecoefficientsand
definedasfollows:
liftcoefficient,L/qSW
dragcoefficient,D/q~
lateral-forceoefficient,FY/@W
rolling-mmnentcoefficient,%@%%
pitching-momentcoefficient,MY/@’@w
yawing-momentcoefficient,
~/qswbw
lift
drag
lateralforce
rollingmoment
pitchingmoment
MZ yawingmoment
. .-
~ — - .—— -—.
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q dynsmicpressure,@2
v free-streamvelocity
P massdensityofair
A aspectratio,b2/S
b span,measuredperpendicularto fuselagecenterline
s surfacearea
c chord,measuredparallelto planeof symmetry
Cr rootchord “
Ct tipchord
E meanaerodynamic
Y coordinatealong
I ~/2chord;forexample,6W= ~%~ cW2dy
Y-axis,measuredfromplaneof symmetry
lv or ZH taillength,distance~~~el tO.fUSe@e centerlinefrom
mountingpointto %# ‘r ‘H/4
h perpendiculardistancefromfuselagecenterlineto Ev/4
(tailrootchordcoincideswithfuselagecenterline)
R ordimteofcircularfusehge
r fuselagecorner adius,R/3
w localhalf-widthof
d localhalf-depthof
squarefuselage,
squareorrectangularfuselage
squareorrectangularfuselage;for
d=w
longitudinal-distancelongfuselagecenterline
taperratio,% Icr
angleof sweepbackof qyarter-chordline,deg
angleofsideslip,deg
.
—- ——. -_ _______ . ______
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azimuthangle,deg
angleofattack,deg
.
ACyP} AdnP contributionfthetailgroupto derivatives;thatis,
forthewingon,
for
ACYP= (cyP)w+F+v+H()- cy~W+F
thewingoff,
ACY = () (5)CypF+.V+H- ~ FB
fora wing-tailconfiguration,
A% =
P (%) (%)~W+V+H- PW
Subscriptsandabbreviations:
F fuselage;usedwithsubscripts1 to 4 to denotevarious
fuselages(seefig.2)
H horizontaltail;usedwithsubscripts1 and2 (seefig.3)
v verticaltail;usedwithsubscripts1 to 6 to denotevarious
verticaltails(seefigs.3 and4)
w wing;usedwithsubscripts1 and2 (seefig.3)
J.’
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APPARKTUSANDMODELS
5
Thetestswereconductedinthe6- by 6-footestsection”ofthe
Langleystabilitytunnel.
Themodelsweredesignedto permit estsofthewingalone,the
fuselagealone,thewing-fuselagecombination,orthefuselagewithany
tailconfigurationwithorwithouthewings.Drawingsofthecomponent
partsofthemodelstestedaregiveninfigures2 to 4 andintableI.
A sideview,.crosssection,anddesignationfeachfuselageisgivenin
figure2. Thecoordinatesofthecircular-cross-section’fuselagear
givenintableI. Thecoordinatesofthesquareandrectangularfuse-
lagesweredeterminedsothatthevariationofthecross-sectionalarea
ofeachfuselagealongthelongitudinalxiswasthesameasthatofthe
circularfuselage.Theequationsusedto determinethecoordinatesof
thesqyareandrectangularfuselagesaregivenintableI. Therectangu-
larfuselagewastestedbothwiththemajorcross-sectionalatisvertical
(fusekge3)andwiththemajoraxishorizontal(fuselageJ). (See
fig.2.)
Theconfigurationshadbothsweptandunsweptwingandtailsurfaces.
Thequarter-chordlinesweresweptback0°and45°fortheunsweptand
sweptbacksurfaces,respectively.Thewingshada taperratioof0.6
andanaspectratioof4. Thetailsurfacesalsohada taperratioof
0.6. Theaspectratioandothergeometricharacteristicsofthevarious
tailsurfacesaswellasthoseofthewingscanbe foundintableII.
Drawingshowingthegeometricharacteristicsofthewingandtailsur-
facesaregivenasfigures3 and4. Alltheconfigurationsweretested
withthewinginthemidwinglocation.Allliftingsurfacesweresetat
0° incidencewithrespectothefuselagecenterline.
Themodelsweremountedona singlestrutsupportatthequarter-
chordpointofthewingswhichwerelocatedwithrespectothefuselage
andtailsurfacesas showninfigure5. Fortestsofthecomplete-model
andfuselage-tailconfigurations,theverticaltailwasmountedsothat
thevertical-tailroot-chordlinecoincidedwiththefuselagecenterline.
Forthewing-tailconfigurations,thetailwasmountedatanappro-
priatetaillengthona steeltubeofsmalldiameterwhichwasfastened
to thewing. Theisolatedtailwasmountedonthesametubewhichwas
thenattachedtothemodelsupportstrut.Forthewing-tailandisolated-
tailtests,thetailareaincludedtheportionormallyenclosedinthe
fuselage.
Forcesandmomentsweremeasuredbymeansofa conventionalsix-
componentmechanicalbalancesystem.
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TESI’SANDCORREKZIONS
.
Testsweremadeat a dynmicpressureof24.9 poundspersquarefoot,
whichcorrespondsto a Machnumberofabout0.13anda Reynoldsnumberof
about0.71x 106basedonthemeanaerodynamicchordofthewings.The
modelsweretestedthroughanangle-of-attackrangefrom~“ up to and
beyondmaximumlift(ofwingsalone)atanglesof sideslipof0°and*5°.
Testsofthecompleteconfigurationwerealsomadeat anglesofattack
of 0°, 10°,20°,and26°througha sidesliprangefrom-20°to 20°.
‘Approxh&ecorrectionsbasedonunswept-wingtheoryfortheeffects
of jetboundaries(ref.4)havebeenappliedtothelift,drag,and
pitching-momentcoefficients.No cofiectionshavebeenappliedtothe
datafortheeffectsofblockageor
131?smrsAND
Presentation
support-strutinterference.
DISCUSSION
fResults
Thestaticlongitudinalstabilitycharacteristicsofthemodelsare
giveninfigwres6 to 10,andthestaticlateralstabilitycharacteristics
arepresentedinfigures11to 26. A’summaryoftheconfigurationsinvesti-
gatedandofthefiguresthatpresenthebasicdatafortheseconfigura-
tionsisgivenintableIII.
StaticLmgitudi@.StabilityCharacteristics
Completemodel.-Thestaticlongitudinalstabilitycharacteristics
ofthecompleteconfigurationsaregiveninfigure6. ~ thelowangle-
of-attackrangethesquare-andcircular-fuselageconfigurationshave
aboutthesamestabilityandaremorestablethantheconfigurationwith
theshallowfuselage(fuselage4)andlessstablethantheconfiguration
withthedeepfuselage(fuselage3). At anglesofattackabove8°and
belowabout18°thereisa @ge increaseinthestabilityofallthe
unsweptconfigurationsa da largedecreaseinthestabilityofallthe
sweptconfigurationsregardlessoffuselagecrosssection.At anglesof
attackabove18°thereverseistrueinthata largedecreaseinstability
occursfortheunsweptconfigurationsand,withtheexceptionofthecon-
figurationwithfuselage4, a large@creaseinstabilityoccursforthe
sweptconfigurations.
Althoughthehorizontaltailfortheunsweptconfigurationsgenerally
doesnotprovideadequatestabilityat lowanglesofattackforthe
center-of-gravitypositionsused,themainpurposeofthepaper,whichis L.
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.to providean
notaffected.
indicationftheeffectsoffuselagecrosssection,is
Differencescausedbybodycrosssectionontheliftanddragare
generaIlysmallat lowanglesofattackbutbecomelargeratthehigh
anglesofattack.Theconfigurationwiththeshallowfuselage(fuse-
lage4)hastheldghestliftanddragatthehighanglesofattack.
Thereasonforthelowvaluesofdragcoefficientupto anangleofattack
of8°forthecompleteconfigurationwith.fuselage3 isnotclearsince”
thedataforthewing-fuselagecombinationdonotshowthiseffect
(fig.’7). .
Wirig-fuselageconfiguration.-Ingeneral,thecommentsconcerning
thestaticlongitudinalstabilitycharacteristicsforthecompletemodel
alsoapplytothewing-fuselageconfigurations.(Seefig.7.)
Fuselage andfuselage-tailconfigurations.-Infigures8 and9 are
presentedthestaticlongitudinalstabilitycharacteristicsofthefuse-
lageandfuselage-tailconfigurations.Therearetwosetsofpitching-
momentdataforthefuselagealonesincethecenterofgravitywas
slightlydifferentwhenthefuselagewasusedinconjunctionwithswept
andunsweptwing-tailsurfaces.Thisdifferenceincenter-of-gravity
locationcausedonlya smalldifferenceinthelongitudinalstability
ofthefuselages.(Seefig.8.) Thefuselagesarea littlemoreunsta-
blewiththecenter-of-gravitylocationusedforthesweptconfigurations
(rearwardlocation)thanforthecenter-of-gravitylocationusedwiththe
unsweptconfigurations.
Theeffectofcrosssectionis,ofcourse,thesameforbothcenter-
of-gravitylocationswiththeshallowfuselage(fuselage4)beingthemost
unstableandthedeepfuselage(fuselage3) generallybeingtheleast
unstable.At lowanglesofattackthereislittledifferenceinthe
longitudinalstabilityobtainedforthecircuhrandsquarefuselages;
however,theunstablecontributionfthecircularfuselageislessat
thehighanglesofattackthanthatofthesquarefuselage.Theshallow
fuselage(fuselage4)hasthehighestliftanddragatthehighangles
ofattack.
Addingthetailunittothefuselagesresults,of course,instable
pitching-momentcurvesatthelowanglesofattack(fig.9). Thecon-
figurationwithshallowfuselageandtailistheleaststable.Forall
fuselagesandfortheunsweptail,theslopeofthecurvesof ~
plottedagainstu ispracticallyzeroatthehighanglesofattackfor
thetestcenter-of-~avityposition.
wing, tail,andwing-tailconfigurations.-
characteristicsofthewing,isolatedtail,and
aregiveninfigure10. Thedetailspertaining
Thelongitudinalstability
wing-tailconfigurations
tothemountingofthe
—— . —
——. —.—__
8tailfor
entitled
The
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thewing-tailandisolated-tailtestsaregiveninthesection
“ApparatusandModels.”
sweptandunsweptwingsusedinthepresentinvestigationhave
beenreportedon inseveralotherinvestigationssuchas references5,
6,and7,andthereislittleneed,here,to discussindetailthechar-
acteristicsofthewings:
Figure10 showsthataddingthewingtotheisolatedtailcausesa
decreaseinlon~tudinalstabilityat lowanglesofattackwhichismuch
largerfortheunsweptwingthanthatobtainedwiththeswept-wingcon-
figuration.Thedecreaseinlongitudinalstabilityobtainediscaused
by wingdownwash.Forboththesweptandunswept‘configurations,the
generalvariationofpitching-momentcoefficientwithangleofattackfor
thewing-tailcom!?igurationisverysimilartothevariationobtainedfor
thecompleteconfigurations.Forthecompleteconfigurationsthereis,
ofcourse,a differenceininitialslopesat lowanglesofattack,mainly
becausetheunstablecontributionfthefuselagevarieswiththefuse-
lagecrosssection,
StaticLateralStabilityCharacteristics
Completemodel.-ThestaticlateralstabilityderivativesCyPj,Czp,
and CnP (obtainedfromdataat ~ = *5°)forthecompletemodelcon-
figurationsaregiveninfigureIl. Forboththesweptandunsweptmodels,
thereislittledifferenceinthevaluesof Cn
P
fortheconfigurations
withthecircularor squarefuselageat lowangiesofattack.However,
thevaluesof CnP obtainedfortheconfigurationswithshallowfuse-
lage(fuselage4)wereappreciablygreater(indicatinggreaterdirectional
stability),andthevaluesof C
‘P
forthedeep-fuselageconfiguration
wereappreciablyessthanthoseobtainedforthecircular-andsquare-
fuselageconfigurations.Thisdifferenceinthevaluesof ~ atthe
B
lowanglesofattackcanbe attributedmainlytothedifferenceinthe
fuselagecontributions.Exceptforthedeep-fuselageconfiguration
(W1+ F3 + V1 + Hi),thevaluesof CnP arepositiveandfairlyconstant
throughouttheangle-of-attackrangefortheunsweptmodels.Thevalues
Of Cnp for”thedeep-fuselageconfigurationarepositiveupto anangle
ofattackofabout20°afterwhich Cn becomesnegative.Theswept
B
configurationshavepositiveandnear~ constantvaluesof Cn through-t3
outthelowanglesofattack.Forallfuselageconfigurations;%
becomesnegativeatthehigheranglesofattackandremainsnegativefor
.
.
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thetestangle-of-attackrange
tionwhichhaspositivevalues
exceptforthesquare-fuselageconfigura-
Of & abovean angleofattackofabout
2’70.
‘he‘dues ‘f cnB fortheco~igurationswiththedeepfuselage
becomenegativeatan&gle ofattackofonly3°. It shouldbepointed
outthat,althoughthevaluesof cnB forthecircularandsquarecon-
figurationsarenearlythesameat l~wanglesofattack,theydiffer
appreciablyathigheranglesofattackforthesweptmodels.
As wasalreadymentioned,thedifferenceinthevaluesof CnB at
lowanglesofattackisduemainlytothedifferentcontributions~fthe
fuselages.Thisis illustratedclearlyinfi@re 12,whichpresents
ACnB (theincrementduetothetail)obtainedby subtractingthevalue
Of “CnP forthewing-fuselagecombinationfromthevaluecd?C for%
thecompleteconfiguration.Forcomparisonpurposes,thevaluesof ~B
fortheisolated-tailgrouparealsopresented.Fromfigure12itcan‘
be seenthat,generally,thefuselagecrosssectiondoesnotaffecthe
tailcontributionto Cn
P
appreciablyexceptatanglesofattackabove
about10°. Thelargedifferencesbetweenthevaluesof ACn
B
forthe
completeconfigurationsa dthevaluesof CnB fortheisol&edtailat
anglesofattackabove100 illustratehelargeinterferenceeffects(due
to sidewash)ofthewingandfuselageonthevertical-tailcontribution.
to c Generally,.theinterferenceeffectsappesrtobe largerforthe
‘$“
unsweptconfiguration.
Inorderto illustrateb ttertheeffectsoffuselagecrosssection
onthevariationof Cn~ withangleofattackforthecompleteconfigura-
tions,additionaltailsweredesignedsothatthevaluesof ~ forthe
P
deep-andshallow-fuselageconfigurationswouldbemorenearlyequalto
thoseobtainedat zeroangleofattackfortheconfigurationsofround-
andsquare-cross-sectionfuselages.Therequiredtailsizesofthemodi-
fiedtailswereestimatedby currentlyavailableprocedureswiththeaid
ofreferences8 and9. Thevaluesof Cy6, %& and CnB forthedeep-
andshallow-fuselageconfigurationswiththeredesignedverticaltails
arecomparedwiththesquare-fuselageconfigurationhavingtheorighal
tailinfigure13. Fromthedatafortheunsweptconfigurationitcanbe
seenthat,eventhoughthevaluesof Cng forsJJ_configurationsare
r.
nearlythesameat zeroangleofattack,thevaluesof cnB stillbecome
negativefortheconfigurationwiththedeepfuselage;however,theangle
ofattackatwhich CnQ changesignisincreasedfromabout20.5°
to 24.5°.Fortheswe~tconfigurations(fig.13(b)),theredesignedtails
————. -_
.-
—-— ~ . .-—— ___ . . __
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decreasetheangleofattackatwhich &
P
becomesnegativeforthe
shallow-fuselageconfiguration,a dincreasetheangleofattack-forthe “
deep-fuse-econfigurationsothattheangleofattackatwhich
c~
P
= O isnearlythesameasthatobtainedwiththeoriginaltailand
square-fuselageconfiguration.
Thecurvesof C2P (fig.IJ-)
I-agecrosssectionon CZP ofthe
to anangleofattackofabout4°,
showthatgenerallytheeffectoffuse-
completeconfigurationsis small.Up
thevaluesof CZP increasemore
rapidly.withangleofattackforthesweptconfigurationthanforthe
unsweptconfigurationaswasexpectedsinceClP dependsmainlyonthe
winggeometry.
we valuesof Cyp forthedeep-fuselageconfiguration(fuselage3)
aregenerallymorenegativeat ldwanglesofattackthanthoseobtained
withtheotherconfigurationste tedandbecomemuchmorenegativeatthe
highanglesofattackincontrastothevaluesforthecircular-fusehge
configurationwhichbecomelessnegativewithangleofattack.(See I
fig.Il.) Thisholdstrueforboththesweptandunsweptconfigurations.
At thehighanglesofattack,fusebgecrosssectionhasa verylarge
effecton Cy
P
ofthemodelstested.Thechangesintailsizecaused,
ofcourse,greaterdifferencesinthevaluesof CY obtainedforthe
differentconfigurationsat lowanglesofattack(f!g.13).
Thevaluesof CyP, C2P,and Cn discusseduptothispointwere
P
obtainedfromthevaluesofthecoefficientsat ~ = *5O. Inorderto
showforwhichrangeofangleofsideslipthesevalueswouldapply,fig-
ures14to 17arepresentedandshowthevariationof CY, Cz,and Cn
foranglesofattackof0°,10°,20°,and26°fora rangeofangleof
sideslip~ from-20°to 20°. Fortheunsweptconfiguration,thevaria-
tionof Cy, Cn,and Cz with ~ isnonlinear,evenatanangleof
attackof0°,withthecurveof Cn maintainingitsinitialslopefora
smallerangeofangleof sideslipthanthecurvesfor ~ and Cz. The
rangeofsideslipangleforwhich cn~ remainsconstantisdecreasedfrom
-10°to 10°atanangleofattackof0°to roughly-5°to 5°atanangle
ofattackof26°. Althoughtheinitialslopes(slopesnear j3= 0°)of
thecurvesdifferbecauseoffuselagecrosssection,therangeoflinearity,
withsomeunimportantexceptions,isnotaffectedappreciablyb cross
section.Thisisespeciallytruefor Cn. Forthesweptconfigurations
at zeroangleofattack,thevariationof ~, Cn,and CZ withangle
of sideslipislinearfornearlytheentiresidesliprangetested.For
.
—
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thehigheranglesofattack,thecurvesof Cy, Cl, and Cn generally
becomemorenonlinear.Fortheanglesofattackof 20°and26°,of
course,thevariationof ~ with f3 isunstablevennear ~ = OO.
As wasthecasewiththeunsweptconfigurations,thereappearstobe
littlesignificantinfluenceofthebodycrosssectionontherangeof
linearityofthecurveseventhoughtheinitialslopes,near p = 00,
varybecauseoffuselagecrosssection..
Wing-fuselage configurations.-Thevariationsof GYP, CIP,and Cn
Pforthewing-fuselageconfigurationsaregiveninfigure18. Thevalues
Of Cn
P
arenearlyconstantnegativevaluesupto anangleofattackof
approximately12°forboththesweptandunsweptconfigurations.At low
anglesofattacktheeffectsoffuselagecrosssectionon Cn
B
areabout
thesameasthoseobtainedforthecompleteconfigurations.At thehigher
anglesofattackfortheunsweptconfigurations,cnB becamepositive
exceptforthedeep-fuselageconfiguration.Thisincreaseindirectional
stabilitywithangleofattackfortheunswept—wing-fuselageconfiguration
is canceled,moreorless,by theincreasewithangleofattackofthe
wing-fuselageinterferencewiththetail(fig.I-2);and,aswasnoted
earlier,thevaluesof C
‘P
forthecompletecotiigurationremainposi-
tivearidnear~ constanthroughoutthetestangle-of-attackrange
(fig.n). Thevaluesof CnP fortheswept-wing-fuselageconfigura-
tiondonotbecomepositivefortheangle-of-attackrangetestedexcept
forthesquare-fuselageconfigurationwhichhaspositivevaluesof Cn$
fora smallrangeathighanglesofattack.
Thevariationof CZB withangleofattackis similartothat
obtainedforthecomplete’-confi~ation,si ceCz
B
dependsmainlyon
thewingcharacteristics.Theeffectoffuselagecrosssectionon Cz
P
is smallforboththesweptandunsweptconfigurationsinthelowangle-
of-attackrangebutbecomesomewhatlargeratthehigheranglesof
attack.As wasnotedforthecompleteconfigurations,Cy becomesvery
P
largeatthehigheranglesofattackforthedeep-fuselageconfiguration,
andtheeffectsoffuselagecrosssectionon CyP areverylargeattheseanglesofattack.
Fuselageandfuselage-tailconfiguration.-Thevariationwithangle
ofattackof Cy ,
P
CZP,and CnP forthefuselagesisshowninfig-
ure19. Dataarepresentedfortwocenter-of-gravitylocations;oneloca-
tioncorrespondstothecenter-of-gravitypositionfortheunsweptcon-
figurationsandtheothertothecenter-of-gravitypositionusedforthe
.— . ..-—— ——— - _____ _____
.. -——
.—— —-.—— .—-_—
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sweptconfigurateion. Thefuselagewiththemorerearward center-of-
gravityposition(usedwiththesweptconfigurations) i slightlymore
unstabledirectionallythanthatwiththeforwardcenter-of-gravity
location.At lowanglesofattack,theshallowfuselage(fuselage4) “
isleastunstabledirectionally,whereasthedeepfuselagehasthe
greatestdirectionalinstability.Theeffectoffuselagecrosssection
on CnP variesconsiderablywithangleofattack,andalthoughthe
valuesof CnB forthesqyareandcircularfusehgearenearlythesame
at lowanglesofattack,thereisa largedifferenceatthehigherangles
ofattack.Thesameeffectsareobservedfor Cyp.
At thehighanglesofattack,relativelylargevaluesof Cy
P
are
obtainedforthedeepfuselage(fuselage3)aswasthecaseforconfigu-
rationswiththedeepfuselagediscussedinpreviousections.Also,
ratherhighvaluesof cYp areobtainedforthesquarefuselage.
Forthefuselage-tailconfigurations,Cnp is positivein the low
angle-of-attackrangeforallfuselageconfigurations;however>% P
remainspositivethroughtheentireangle-of-attackrangetestedonly
forthecircular-fuselageconfiguration.(Seefig.20.) Thedeep-
fuselageconfigurationistheleaststableinitially,andthevaluesof
% becomenegativeat a lowerangleofattackforthis’configuration
th~nfortheotherconfigurations.Thisangleofattackisonly4°for
thesweptconfiguration.Boththesquare-anddeep-fuselageconfigura-
tionshavelargenegativevaluesof Cyp athighanglesofattack.
Thewing-offinterferenceor sidewasheffectsofthefuselageonthe
tailcontributionto Cnp areillustratedinfigure21. Herethetail
incrementACnP obtainedby subtractingthevalueof Cnp forthefuse-
lagefromthevalueof ~B ofthefuselage-tailgroupcmibinationis
plottedagainstangleofattack.Alsoplottedinfigure21isthe Cn
B
contributionftheisolatedtail. Theinterferenceeffectsupto an -
angleofattackofapproximately10°aregenerallysmallandthereis
littleeffectof crosssectionontheinterferenceinthisrange.At
thehigheranglesofattack,cmnparisonofthetail-contributionncre-
mentsofthevariousconfigurationswiththeisolated-tailresultsindi-
catesthatthecircularfuselagehasbeneficialinterferenceeffectsfor
bothsweptandunsweptails.Theeffectsofdeviatingfromthecircular
crosssectionareforthemostpartdetrimentalinterference(sideWash)
effectswhicharegenerallylargebutvarywithangleofattack.These
sidewasheffectsaremodified,.ofcourse,whentheh% iSadded.(See
fig.1.2.)Inregardtothetailincrement~n~ j theresultsobtained
inreference10areofinterest.Thedataofreference10,whichwere
,.
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obtainedat an
foranunswept
anda negative
Thisresultis
inthepresent
angleofattackof 32°,showa
ailtestedona flatfuselage
13
positiveincrementof Cn
P
withmajorsxesvertical
incrementfora fkt fuselagewithmajoraxeshorizontal.
thesameasthatobtainedatanangleofattackof32°
investigationfor’fuselages3 and4,respectively
(fig.21);however,as canbe seenfromfigure21,thetailincrement
variesconsiderablywithangleofattack,andat someanglesofattack
theresultsareoppositethoseobtainedatanangleofattackof32°.
wing, tail,andwing-tailconfigurations.-Thevariationwithangle
ofattackOf CYB) CZB)and cnB forthewing,isolated-tail,andwing-
tailconfigurationsis”presented”infigure22. Froma studyofthisfig-
ureitcanbe concludedthatthewing,whethersweptorunswept,decreases
thetailcontributionto CnB ofthewing-tailconfigurationatthe
“)
higheranglesofattack.Fortheunsweptwing,however,thevaluesof
Cn9 forthewingitselfarepositiveatthehigheranglesofattackand
approximatelyequaltotheinterferenceeffectsothat,fortheunswept-
wing-tailconfiguration,thevaluesof CnB remainvirtuallyconstant
throughouttheangle-of-attackrangetested-.Forthesweptconfiguration,
thenegativevaluesof cnB forthewingitselfandthewinginterference
withthetailresultina decreaseineffectivenessand)fideed~a
negativecnB contributionfthetailgroupat someofthehighangles
ofattack.‘
Forcomparisonpurposes,incrementsin cnB and CyB contributed
by thetailwhenthetailwastestedincombinationwiththewing-fuselage
configuration,thewing(fuselageoff),andwiththefuselage(wingoff)
arepresentedinfigures23to 26. Theincrementscontributedto ~
P
by thetailwhentestedincombinationwiththewingandfuselage,for
example,wereobtainedby subtractingthevalueof Cn
P
obtainedforthe
wing-fuselageconfigurationfromthatobtainedforthecompleteconfigura-
tion(cn~)W+F+V+H- ()cn~W+F” .Alsopresentedinthefiguresarethevalues
Of CnB obtainedwiththeisolatedtailtested,of course,attheproper
taillength.Theapproximateangleofattackfor~ liftcoefficient
foreachwingisalsoindicatedinfigures23to 26. A studyofthese
figuresindicatesthattheseparateffectsofthewingandfuselageon
thetailcontributionto CnB atthehighanglesofattackarenotaddi-
tivebutaremodifiedwhenthetingandfuselagearecombined.Theeffects
dependsomewhatonthewingsweepandonfuselagecrosssection.It should
be notedthat,eventhoughthewing-offusel~e-tailinterferenceeffects
athighanglesofattackforthecircular-fuselageconfigurationaresuch
asto increasethetaileffectiveness;additionofthe~ng res~ts~
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interferenceeffectswhichgreatlyreducethetailcontributionto &~
attheseangles. ,.
CONCLUSIONS
An investigationatlowspeedto determinetheeffectsoffuselage
crosssectiononthestaticlongitudinalndlateralstabilitycharacter-
isticsofmidwingairplanemodelswasmadethroughanangle-of-attack
rangefrom-4°u to andbeyond
B
maximumlift(ofwingsalone)atangles
of sideslipofO and*5°. Sometestswerealsomadeatanglesofattack
of00,10°,20°,and26°througha sidesliprangefrom-20°to 20°. The
resultsoftheinvestigationindicatedthefollowingconclusions:
1.Themaineffectoffuselagecrosssectiononthestaticlongi-
tudinalstabilityofmodelsat lowanglesofattackisduetothedirect
fuselagecontribution,theshallowfuselagebeingthemostdestabilizing.
Generally,atthehighanglesofattackthereislittlesignificantdif-
ferencecausedby fuselagecrosssectioninthevariationofpitching
momentwithangleofattackforthedifferentconfigurations.
2.Themaineffectoffuselagecrosssectiononthedirectionalsta-
bilityofthemodelsat lowanglesofattackisduetothedirectcontri-
butionofthefuselage.“Thedeep-fuselagecontributionisthemost
destabilizingandtheshallow-fuselagecontributionistheleast
destabilizing.
3. Wing-fuselageinterference(sideWash)withthetaildecreases
thetailcontributionto directional.stabilityatthehighanglesof
attackwiththedeep-fuselage—wing interferenceproducingthemost
detrimentaleffectandtheshallow-fuselage—wing interferenceb ing
theleastdetrtientalinthisrespect.Wing-offinterferenceeffects
ofthecircular-cross-sectionfuselageonthetailarebeneficialatthe
highanglesofattack.Deviatingfrm thecircularcrosssectionr~sults
generallyinlargedetrimentaleffectswhichvarywithangleofattack
andwhicharelargerthanthecombinedwing-fusekgeinterferenceeffects
forsomeanglesofattack. ,
4.Exceptforthedeep-fuselageconfigurations,thecompleteunswept
configurationshavepositiveandnearlyconstantdirectionalstability
throughtheangle-of-attackrangebecausethedirectwing-fuselagecon-
tributionto directionalstabilityispositiveatthehighanglesof
attackandcompensatesfortheeffectsofsidewash.No likecompensating
effectoccursforthesweptconfigurations,andthedirectionalstability
becomesnegativeat someangleofattackthatdependsonfuselage,cro$s
section.
.
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5. Forthecompleteconfigurationste ted,fuselagecrosssection
haslittle ffectontherangeoflinearityofthecurvesofyawing
momentagainstsideslipangleuptothemaximumangleofattackinvesti-
gated(260):
6. In general,theconfigurationswiththedeepfuselagehavethe
poorestdirectionalcharacteristicsofthemodelsinvestigated.At large
anglesofattack,thedeep-fuselageconfigurations,whe?iatanangleof
sideslip,hadrelativelylargevaluesof sideforceinadditionto an
unstablevariationofyawing-momentcoefficientwithsideslipangle.
LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
LangleyField,Vs.,September9, 1955.
.
— .—— . ..—- _______ ._ —.
.
_— ___ _—.
16 NACATN 3531
.
REFERENCES
b
1. Queijo,M. J.,andWolhart,WalterD.: ExpertientalInvestigation
oftheEffectofVertical-TailSizeandLengthandofFuselageShape
andLengthontheStaticIateralStabilityCharacteristicsofa
ModelWith45°SweptbackWingandTailSurfaces.NACARep.1049,
1%1. (SupersedesNACATN 2168.)
2.Wolhart,WalterD.: InfluenceofWingandFuselageontheVertical-
TallContributiontotheLow-SpeedRollingDerivativesofMidwlng
AirplaneModelsWith45°SweptbackSurfaces.NACATN 2587,1951.
3. Ietko,William:EffectofVertical-TailAreaandLengthontheYawing
StabilityCharacteristicsofa ModelHavinga 45°SweptbackWing.
NACATN 2358,1~1.
4. Silverstein,Abe,andWhite,JamesA.: Wind-TunnelInterferenceWith
ParticularReferenceto Off-CenterPositionsoftheWingandtothe (
DownwashattheTail. NACARep.547,1936.
5. Letko,Willism,andRiley,DonaldR.:
.)
EffectofAnUnsweptWingon
theContributionfUnswept-TailConfigurationstotheLow-Speed
Static-andRolling-stabilityDerivativesofa MidWingAirplane
Model.NACATN 21v, 1%0.
6. Brewer,JackD.,andLiechtenstein,JacobH.: EffectofHorizontal
TailonLow-SpeedStaticLateralStabilityCharacteristicsofa
ModelHaving45°SweptbackWingandTailSurfaces.NACATN 2010,
l~o.
7. Gocdmsm,Alex: EffectsofWingPositionandHorizontal-TallPosition
ontheStaticstabilityCharacteristicsofModelsWithUnsweptand
45°SweptbackSurfacesWithSomeReferencetoMutualInterference.
NACATN~ti, 1%1.
8. DeYoung,John,andHarper,CharlesW.: TheoreticalSymmetricSpan
Loadingat SubsonicS-peedsforWingsHavingArbitraryPlanForm.
NACARep.921,1$%-8.
9. Q’ueijo,M. J.,andlliley,DonaldR.: CalculatedSubsonicSpanImds
andResultingStabilityDerivativesofUnsweptand45°Sweptback
TailSurfacesinSideslipandinSteadyRoll. NACATN 3245,1954.
10.Bates,WilliamR.: StaticStabilityofFuselagesHavinga Relatively
FlatCrossSection.~cA TN S29, 1955. (SupersedesNACARML91C6a.)
NACATN 3551 17
TAELEI.-CXH3RDINATESOF‘lIll!!CIRWL4R-CROSS-SECCIONFWELAGEAND
KJIATIONSFORC03RDITWTE3OFTRESQUARE-AND
RECI!ANGULAR-CROSS-SEC?TIONFUSHMES
L.4
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26 2.87
28 2.79
30 2.70
52 2.60
2.47
2 2.352.I.8
E 2.01
1.82
: 1.61
45 1.X
Equationforcoordinatesofsquarefuselage:
4W2-
v)4(3)2 s2. fiR2-11—
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Figure6.-E~fectoffuselagecrosssectiononthestaticlongitudinal
stab~lltycharacteristicsor everalunsweptand45°sweptbackwing-
fuselage-tailconfi.gorations.
(a) A= 0’0. (b) A = 45°.
Figme ~.- Effector tlmelagecrosssectionon the staticlongitudinal
stabilitycharact6risticBof severalunsweptand 45°sweptbackwing-
fuselageconfigurations.
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Figure8.-l?ffectoffuselagecrosssectiononthestaticlongitudinal
stabilitycharacteristicsof everalfuselagecotij.gurationswithdif-
ferentcent-er-or-gravitylocations. -3’
I
(a) A=@. (b) A-45°.
Figure9.-~ect 01’fuselagecrosssectiononthestaticlo@tudimal
stabilitycharacteristicsor everalfuselagesincofiinationwith
unsweptand45°aweptbacktallconfigurations.
,.’
, 1 1 1 I I I , I 1 I
I
1 I 1 1 1 1 1 1 1 , d 1 1. I
(a) A= (P.
6
o
(b) A=45°.
Figure10.- Comparisonor tha staticlongitudinalstabilitycharacteris-
ticsof unsweptand 45°sweptbackwings,unsweptand 45° weptback
isolatedtails,and unsweptand45°sweptback~gs Incombination
tithunsweptand45°slmptbacktails.
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billtychmacterlsticsof several
fuselage-tailconfigurations.
4n4L7t2 &im2wa3J2
section
LlIl13wept
~dol@,LZCW
(b) A = 45°.
ontheBtatlclateralsta-
andh~”sweptbackwing-
%!!]
m
al?
‘% .
#2 -4048,* 1620242632
(a) A= OO. (b) A = 45°.
Figu’e12.- Effectoffuselagecrosssectiononthetailcor.trfiutlont
cnp fortheunsweptand45°wmptbackcomplete-mdel configurations.
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Effectof fua&.agecrosssectionon the statickteral sta- QFigure13.-
bilitycharacteristicsof severalunsweptand45°sweptbackwing- ti
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Figure14.- Effectof fmehge crosssectionon the staticlateralsta-
bilitycharacteristicsof an unsweptand 45°sweptbackwing-fu8elage-
tailconfigurationthroughthesidesliprange.u = OO.
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Figure15.- Effectoffuselagecross sectionon the static lateral Eti-
bi.li.ty characteristicsoranunsweptand45°sweptbackwing-fuselage-
tail configurationthroughthe sidesliprange. a = 10°.
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Figure16.- Effectof fuselagecrosssectionon the statichteral sta-
bilitycharacteristicsof an unsweptand 45° sweptbackwlng-fuaelaga-
t.ailco~igoratlonthroughthe sidesliprange. a = 2@.
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Figure17.- Effectof fuselagecrosssectionon the staticlateralsta- UJ
bilitychm’acteristicsof an unsweptand 4$0 6weptbackwing-fuse@je-
uly
tail configurationthroughthe sidesliprange. m = 26°.
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Figure18.- Effect of fuselagecrosssection
bilitychuacteri5ticsof severalunswept
fuselageconfigurations.
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(a)Centerof gravityfor A = ~. (b)Centerof gravityfor A = 450.
Figure19.- Effect of fuselagecrosesectionon the statickteral sta-
bilitychcteristics of severalfuael.ageconfigurationswith dif-
ferentcenter-of-gravitylocationa.
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Figure20.- Effectof fuselagecross6ectionon the staticlateralsta-
bilitycharacteristicsof severalfuselagesin combinationwith unswept
and 45° sweptbacktail configurations.
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Figure21.- Effectof fuselagecrosssectionon the tail contributionto
~B for severalfuaelagesh cotiinationwithunsweptand 45° awept-
back tails.
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Figwe 22.- Compari60nof the staticlaterald-ability
of the unsweptamd 45° aweptbackwings,mswept aad
isolatedtails,and unsweptad 45° .weptbackwings
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Figure25.- Comparisonof the effectof fusebge, wing,and wing-fuselage
combinationon the tail contributionto Cy~ and ~P. Fuselage I.
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Figure24.- Co~arlson of the effectof fuselage,wing, and wing-fuselage
cotiinationon the tail contributionto CyP and CnB. Fuselage2.
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Figure 25.- Corupar160nof the effectof fuselage,wing,~a wing-fuaela~
cofiinationthe tail contributionto CyP and CnP. Fuselage3.
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Figure26.- COnparlsonof tk effectof fuselage,wing,and wing-fuselage
combinationon the tail contributIonta @P and CnP. Fuselage4.
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